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The Landscape Atlas of Flanders describes the traditional relic landscapes in Flanders (Belgium), charac¬ 
terized by important heritage values and more specifically by natural-scientific, historical, sociocultural 
and aesthetic values. These heritage landscapes constitute a considerable part of the common cultural 
heritage and are therefore managed by specific landscape management plans. However, these plans do 
not address climate change vulnerability and adaptation, while this is considered as an important driving 
force of landscape change. This change may impact on the unaffected traditional character of heritage 
landscapes and cause these valuable landscapes to deteriorate. In this study, we assess and map the poten¬ 
tial overall impact of climate change on two relic landscapes in Flanders and map possible adaptation 
measures on a detailed level to allow insertion in the landscape management plans. Detailed synthesis 
vulnerability and adaptation maps are elaborated in a G1S, based on the results of impact- and model stud¬ 
ies. The vulnerability maps indicate that both case studies are sensitive to climate change. In particular, 
forest desiccation, wind throw, crop deterioration, soil erosion and flooding might affect the landscape 
quality and threaten the natural-scientific, historical and aesthetic heritage values of the landscapes. 
In order to preserve these heritage values, the adaptation maps present possible adaptation measures, 
which are sustainable and nondestructive with respect to the landscape quality. Although adaptation 
will cause change as well, it offers more chances to preserve the heritage values of the landscapes. To be 
effective, detailed climate change vulnerability and adaptation maps should be included in the binding 
landscape management plans. 

© 2013 Elsevier Ltd. All rights reserved. 


Introduction 

Like in most parts of the world, the climate in Belgium is chang¬ 
ing. Measurements of the Royal Meteorological Institute show an 
increase in the mean temperature of 2°C between 1833 and 2009 
(Brouyaux et al„ 2009). The Intergovernmental Panel on Climate 
Change (IPCC, IVth Assessment Report, 2007) predicts a further 
increase in the mean temperature between 1.8 and 4.0°C by 2100 
compared to 1990. Measurements of the total yearly precipita¬ 
tion in Belgium have also shown a rising trend of +7% since 1910. 
Between 1833 and 2009, the mean winter precipitation rose by 15% 
(Brouyaux et al., 2009). Winter precipitation is predicted to increase 
3-50% by 2100, while in summer a decrease of up to 50% is esti¬ 
mated (Ntegeka et al., 2008). Moreover, evaporation will increase 
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with higher temperatures (Boukhris et al., 2008) and the water 
availability of soils will decrease, especially in summer (Manabe 
et al., 2004). Finally, storms will become more frequent and intense 
due to global warming (Frei et al., 2006). All these changes can be 
considered as primary effects of climate change. Secondary effects 
are flooding and drought, which in turn induce tertiary effects such 
as impacts on nature and agriculture, for example the extinction of 
species as a result of drought. The combination of these effects can 
cause drastic changes to landscapes, which are seen as quaternary 
effects (Pedroli et al., 2010). 

So far, most studies on the impact of climate change have been 
sector-oriented (e.g. the EEA Report, 2008; the Stern Review, 2007) 

and have focused on above-country scale (Rannow et al., 2010). 
The impact of climate change on the local level and landscapes, 
however, has rarely been analyzed. In particular, intact traditional, 
cultural landscapes deserve special attention as these are part of 
our common heritage, like stated in the World Heritage Convention 
(1972). According to this convention, ‘cultural landscapes’ are “at 
the interface between nature and culture, tangible and intangible 
heritage, biological and cultural diversity - they represent a closely 
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woven net of relationships, the essence of culture and people’s 
identity” (Rossler, 2006). Often, the management approach of such 
landscapes is oriented towards preventing changes, like climate 
change. However, it would be more beneficial to tackle inevitable 
changes, and thus reinforce the resilience of the system (Bieling 
et al., 2011; Lemieux et al., 2011). Bieling et al. (2011) describe 
resilience as “the ability to deal with disturbances or change with¬ 
out altering the essential characteristics of the system in question”. 
This approach focuses on how to dynamically adapt to processes of 
breakdown and renewal, rather than on conservation. 

This paper follows the resilience approach and presents an inte¬ 
grated assessment of the potential impact of climate change and the 
possible adaptation measures in two specific case studies in Flan¬ 
ders. In particular, two traditional landscape relics, characterized by 
considerable heritage values and differing in landscape type, were 
selected. Traditional landscapes contribute to the cultural heritage 
value of a place as they are the combined result of the natural capac¬ 
ities of an area and the human land occupation throughout history 
before the end of the 18th century (Antrop, 2003). The relics of 
Flanders’ traditional landscapes are mapped in the Landscape Atlas, 
based on four heritage values: the natural-scientific, historical, 
socio-cultural and aesthetic value. Each value is estimated by a set 
of concise criteria: coherence (the strength of the relations between 
the composing elements of a landscape or ensemble), legibility (the 
degree to which parts of a landscape or the whole landscape struc¬ 
ture can be recognized and understood) and soundness (degree of 
maintenance and care of the landscape site or element). Based on 
this methodology, relic zones and anchor places were identified 
(Antrop, 2003). Anchor places are small ensembles that consist 
of different features related by a unique historical development, 
which form almost intact landscape entities (Van Eetvelde and 
Antrop, 2005). Fig. 1 provides an overview of the anchor places 
in Flanders. These anchor places represent the most valuable land¬ 
scapes of Flanders concerning the cultural heritage, and constitute 
a considerable part of the remaining common heritage. Therefore, 
they need special care and attention and an integrated landscape 
management (Van Eetvelde et al., 2010). This is achieved by the 
implementation of a new legislation by which anchor places can 
be designated as ‘heritage landscapes’. Following this procedure 
each heritage landscape is attributed a landscape management 
plan and management commission, including local stakeholders 
(Antrop and Van Eetvelde, 2007). However, these plans, and spatial 
planning in general, are missing detailed vulnerability and adap¬ 
tation maps to limit the potential effects of climate change. To fill 
this gap, the threats and risks that climate change presents for land¬ 
scapes should be assessed using detailed local vulnerability maps in 
order to outline adaptation plans and preserve the heritage values 
of the landscapes in the anchor places from deterioration. 

In this study, we took up this challenge for two anchor places 
in Flanders. The first case is situated in the hilly east of the Dender 
basin; the second is located in the Dender valley (Fig. 1 ). The aim of 
the study consists of identifying which threats of climate change the 
landscapes in both case studies are exposed to, based on the avail¬ 
able knowledge from peer reviewed and ‘grey’ literature, output 
from model studies and expert judgement. So far, research about 
the potential effects of climate change in Belgium has been con¬ 
ducted by different institutions, though mostly focussing on one 
specific aspect of climate change (e.g. soil erosion, flooding etc., 
see ‘Background: predicted effects of climate change and possi¬ 
ble adaptation measures in Flanders’). In our study, we attempt 
to synthesize this information for the two case studies, giving 
an overview of the potential risks threatening their landscapes 
as a result of climate change. Therefore, the knowledge obtained 
from former impact studies is translated into detailed vulnerability 
maps, locating the risks and threats. Furthermore, possible adapta¬ 
tion measures are determined and translated into corresponding 


adaptation maps. The maps are produced using GIS-analysis, a 
method recognized to have a large potential for vulnerability and 
adaptation assessment (Kasperson and Kasperson, 2001). 

Background: predicted effects of climate change and 
possible adaptation measures in Flanders 

In support of the vulnerability and adaptation maps we provide 
an overview of the predicted effects of climate change in Flan¬ 
ders, which could have an impact on landscape, and summarize 
a number of possible adaptation measures. 

Forests 

Higher evaporation due to higher temperatures combined with 
a decrease in summer precipitation (Boukhris et al., 2008) may 
cause forests to desiccate. Especially forests located on rich soils 
are vulnerable (Vos et al., 2007). In addition, desiccated trees are 
more sensitive to forest fires (de Jonge, 2008) and new diseases 
and pests shifting northwards (De Groof et al., 2006). As a con¬ 
sequence of more frequent and more intense storms, weakened 
forests will also become more vulnerable to wind throw (Schlyter 
et al., 2006). Consequently, a more effective forest management 
is required. This includes maximizing ecological diversity, e.g. by 
introducing new tree species to face the new conditions (Dolman 
et al., 2000; Metzger et al., 2008), replacing coniferous forests by 
deciduous forests as these are less prone to forest fire (Veeneklaas, 
2008) and strengthening the forest structure by connecting differ¬ 
ent forests (Noss, 2001). 

Surface water 

Increasing winter precipitation associated with climate change 
will lead to higher peak flows of rivers. During storms, this will 
increase the flood risk (Dolman et al., 2000), especially in rivers of 
which the active floodplain has been strongly reduced as a result of 
flood levee constructions such as dikes (Pedroli and Harms, 2002). 
Several measures can counter this by increasing the water storage 
capacity: creating more space for rivers by restoring their natu¬ 
ral hydrodynamic function (Pedroli et al., 2002; Vos and Kuiters, 
2007), broadening and/or deepening ditches, safeguarding valleys 
from new buildings (de Jonge, 2008), constructing water retention 
reservoirs, etc. (Dolman et al., 2000). 

In summer, drought will become a danger as well: decreases 
up to 40% in low flow are expected in Flanders by 2100 (Boukhris 
et al., 2008). This will cause pesticides, nitrates and phosphates to be 
less diluted, increasing the risk of toxic effects and eutrophication 
(Vos et al., 2007). A number of measures for reducing flood risks 
may also resolve the drought problem, assuring a more constant 
groundwater level (Vos and Kuiters, 2007) and minimum flow in 
dry periods (EEA, 2007). However, vigilance about drought issues 
is recommended because specific drought response is slower than 
adaptation related to floods. A possible explanation is that floods 
are often perceived as more threatening and sudden than droughts, 
which evolve more slowly and have more indirect consequences 
(Huntjens et al., 2010). Milligan (2004) even states that “droughts 
and heat waves are the hidden disaster of Europe”. 

Agriculture 

First, the predicted increase in the mean temperature and 
C0 2 -level will improve photosynthesis and respiration, possibly 
leading to overgrowing vegetation on grasslands (Hughes, 2000), 
but also resulting in higher crop yields in temperate regions (Olesen 
and Bindi, 2002; Reidsma et al., 2009). As a consequence, some 
land might become available for other crops (Rounsevell et al., 
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] Anchor places 


Case study Asse 


Case study Dender valley 


Fig. 1. Location of the case studies in the Dender basin in Flanders (Belgium). Background: Digital Terrain Model of Flanders (Flanders Hydraulics Research, 2006). 


2005) such as poplar or willow plantations to produce bio-energy 
(Ragauskas et al. t 2006; Tuck et al., 2006; Rounsevell and Reay, 
2009). Second, yields and crop quality are threatened by new pests 
and diseases shifting northwards (Olesen and Grevsen, 1993; Jones 
et al., 2005; Maracchi et al., 2005). A possible adaptation measure is 
stimulating natural enemies of the pests in the environment by cre¬ 
ating an appropriate habitat for these species. This can be achieved 
outside croplands by preserving or extending plot edge vegetation 
such as tree lines or hedgerows. Similarly, borders of wild flowers 
and herbs can be created around croplands (flowery field edges) 
(Vos and Kuiters, 2007). More drastic adaptation measures con¬ 
sist of changing crop species (Audsley et al., 2006) or adopting a 
new land allocation or farming system (Bindi and Olesen, 2011). 
Third, more frequent and intense storms will increase soil erosion, 
causing fertile soils to deteriorate (De Groof et al., 2006). Adap¬ 
tation can be achieved by applying conservation tillage or laying 
out buffering grass strips (Toy et al„ 2002; Spaan et al., 2010). The 
most efficient manner to reduce soil erosion, however, is refor¬ 
estation. From this point of view, poplar or willow plantations 
for bio-energy production can be a valuable solution. Moreover, 
Veeneklaas (2008) stresses that bio-energy plantations might also 
be the most profitable alternative in flood-prone areas because 
willows and poplars tolerate frequently flooded or saturated soils 
(Kuzovkina and Quigley, 2005). 


Recreation 

Climate change will create new opportunities for recreation 
since higher temperatures may increase the number of day trips 
and short holidays (Dolman et al., 2000). Richardson and Loomis 
(2004) found that, depending on the climate scenario, recreational 


visits may increase from 9.9 to 13.6% in 2020. Especially areas 
abounding in water and cool forests might become more popular. 
To meet this growing demand it may be useful to expand recre¬ 
ational parks where possible (Dolman et al., 2000). Climate change 
also threatens recreational activities, especially water related ones. 
Higher temperatures can stimulate toxic algae in pools and lakes 
to grow more easily, potentially endangering swimmers. There¬ 
fore, a rigorous control of the water quality and announcing a 
swimming prohibition when necessary will be required. Finally, the 
growing risk of forest fires might occasionally necessitate closing 
recreational forests for visitors (de Jonge, 2008). 

Study area: Dender basin 

The research area is situated in the Flemish part of the Den¬ 
der basin (Fig. 1). The Dender is a 65 km long river, formed by the 
confluence of the Eastern and Western Dender in the city of Ath, 
(Wallonia) that discharges in the Scheldt near the city of Dender- 
monde (Flanders). As the Dender is mainly fed by precipitation, long 
periods of intense rainfall can turn the river into a turbulent stream. 
Consequently, floods are not exceptional in the valley (Fig. 2). 

Within the river basin two cases were selected. The first area 
is the anchor place ‘Vrijthoutbos-Moretteberg’, situated outside 
the Dender valley in Asse (Fig. 1) and characterized by a hilly, 
open, rural landscape, alternating with large forest parcels. The 
well drained ridges, located on fertile loamy soils, are used as crop¬ 
land, whereas the valleys on wet, loamy and sandy loam soils are 
occupied by forests and grasslands. The second case is the anchor 
place, named ‘Dender valley between Idegem and Ninove and the 
Geitebos’ and situated in the valley between the cities of Ninove 
and Geraardsbergen (Fig. 1). In this valley, most wet clay, loamy 
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Fig. 2. Floods of 14-15th November 2010, Grote Meersen downstream the study area Dender valley before and during the flood. 


or sandy loam soils are used for grasslands or poplar plantations. 
In combination with the numerous poplar rows, a specific, rather 
closed landscape is formed. Outside the valley wide croplands on 
fertile, well drained sandy loam soils create a more open landscape. 

Method and materials 

The analysis was executed in two steps; the calculation process 
is illustrated in Fig. 3. For each study area we generated a vulnera¬ 
bility map and a corresponding adaptation map in ArcGis 9.3. Data 
sources used to compile the maps are listed in Table 1. 

CIS compilation of vulnerability maps 

As we are focussing on the landscape-scale, only the effects 
with a direct impact on this level were included in the vulnera¬ 
bility map. Effects on smaller scales, like for instance on particular 
species or specific buildings are therefore not included in this study. 
Furthermore, only the types of vulnerability with a spatial dimen¬ 
sion could be represented on the map, which for example excludes 
health effects, air quality effects etc. In accordance with the results 
of former impact studies (see ‘Background: predicted effects of cli¬ 
mate change and possible adaptation measures in Flanders’), we 
identified four types of vulnerability, which are most likely to occur 


in the case studies (Fig. 3A): the vulnerability of forests to desicca¬ 
tion, the vulnerability of forests to wind throw, the vulnerability 
to soil erosion and the vulnerability to floods (only occurring in 
the valley). The four types of vulnerability were combined into a 
synthesis vulnerability map. 

The time horizon for the vulnerability assessment was set at 100 
years because the flood maps for the severe climate scenario, cre¬ 
ated by the Flanders Hydraulics Research and used in this study, 
are calculated for floods with a recurrence period of 100 years. 
The severe climate scenario was chosen because adaptation against 
floods occurring each 100 years will also protect against floods with 
shorter recurrences (moderate and limited climate scenarios). 

In this section, we describe the method for creating the four 
separate vulnerability layers, using the vulnerability of forests to 
desiccation as an example. The three other layers were created sim¬ 
ilarly and will only be described briefly. The supporting tables and 
matrices are included in Appendix. 

Data selection and reclassification 

The susceptibility of forests to desiccation depends on the vul¬ 
nerability of the ecosystem and the soil type (see ‘Background: 
predicted effects of climate change and possible adaptation meas¬ 
ures in Flanders’). Consequently, the input data for the analysis 
consist of the ecosystem desiccation map and the soil map (Fig. 3A). 



Fig. 3. Flowchart summarizing the methods for creating (1) the vulnerability maps and (2) the adaptation maps. Grey shapes represent original key data sources (maps), white 
shapes are layers that have been created from the key data. Rectangles in dotted lines symbolize adaptation measures, while full line rectangles represent the policy domains 
to which the adaptation measures belong. Finally, shapes in dotted lines reflect layers that are also adaptation measures. Arrows between layers symbolize a selection of 
particular data from a previous layer, unless mentioned otherwise. ‘Stretched’ refers to the reorganization of a map to present the information by a gradual colour scale. 
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Data sources. 
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Maps 

Name 

Scale 

Year 

Historical map of de Ferraris 

Topographical map of Belgium 

Digital Terrain Model of Flanders - raster 5 m 

1:25,000 (original 1:11,520) 

1:20,000 

1:5000 

1965-1976 (original ca. 
1771-1778) 

1999-2000 

2006 

Landscape Atlas of Flanders 

1:10000 

2000 

Ecosystem vulnerability map 

1: 10,000 

2000 

Digital soil map of the Flemish District 

1:20,000 

1950-1975 

Flood maps of the Dender 

Potential soil erosion map 

1:10,000 

1:10,000 

2008 

2009 


Author* 3 '/Publisher** 1 ) 

Count de Ferraris* 3 ), Gemeentekrediet van 
Belgie* b > 

National Geographical Institute* 33 * 1 ) 

Flanders Flydraulics Research* 3 ), The Flemish 
Environment Agency* 3 ), Flanders Geographical 
Information Agency 1 ' 11 ' 

Department Monuments and Landscapes* 3 ), 
Flemish Fleritage Institute** 1 ), Flanders 
Geographical Information Agency* 11 ' 

Research Institute for Nature and Forest* 3 ), 
Flanders Geographical Information Agency** 1 ) 
Soil Survey Center* 11 ), Committee for the 
observation of the soil and vegetation map of 
Belgium * b) 

K.U. Leuven* 3 ), Flanders Flydraulics Research* 11 ) 
K.U. Leuven* 3 ), Service for Land and Soil 
Protection** 1 ) 


Aerial photographs 


Name 

Scale 

Year 

Publisher* 3 )/Author** 1 ) 

Format 

Type 

Stereoscopic aerial photograph series 

1:25,000 

1951 

National Geographical 
Institute (a+b) 

Analogous 

Vertical 

Midscale colour orthophoto maps 

1:12,000 

2002-2003 

Province of Vlaams- Brabant 
and Oost-Vlaanderen (a+b) , 
Flemish Land Association, 
Supporting Center 
GIS-Flanders (a+b) 

Digital 

Orthogonal 


First, forests were extracted from the current land cover as the anal¬ 
ysis only applies to forests. Second, the ecosystem vulnerability 
map (Table 1 ), based on the characteristics and biological value of 
biotopes, was used to pinpoint the ecosystems most at risk. Finally, 
the soil map was integrated into the CIS to identify the vulnera¬ 
ble soil types. Subsequently, each layer was converted from vector 
into raster data to allow a reclassification according to the degree of 
vulnerability, in which the most vulnerable areas receive the high¬ 
est scores. As the layers were summed up and both study areas 
needed to be comparable, we reclassified all layers in the same 
manner: ‘value 0’ for the least vulnerable category, ‘value 4’ for the 
most vulnerable category. However, the number of categories dif¬ 
fered for each layer, in some cases leading to decimal class limits, 
which the Reclassify wizard in ArcGis 9.3 does not support. There¬ 
fore, all values were multiplied by a factor 100, so that all layers 
were reclassified between ‘value 0’ and ‘value 400’. The ecosystem 
vulnerability map and the soil map were reclassified using the cat¬ 
egories as shown in Appendix, Table 3a and b. For example, as Vos 
et al. (2007) suggest that forests on rich soils are more vulnerable 
to desiccation, clay and loam soils were attributed a score of 400, 
while sand soils were rated lower. 

Calculation of the vulnerability map 

Second, the reclassified layers were added up to visualize the 
vulnerability of forests to desiccation as follows: 

Vulnerability of forests to desiccation = Reclassified ecosystem 

vulnerability map + Reclassified soil map 

The vulnerability of forests for wind throw was obtained simi¬ 
larly (Fig. 3A and Appendix Table 4). Schlyter et al. (2006) suggest 
that the degree to which forests are weakened by desiccation con¬ 
tribute to the susceptibility of forests to wind throw. In addition, 
the altitude and topography also influence wind throw. In areas 
characterized by a hilly topography, forests situated on ridges catch 
more wind than trees located in depressions (Finnigan and Brunet, 


1995). Therefore, the vulnerability layer of forests to desiccation 
and the 5 m-resolution digital terrain model (DTM) were used to 
calculate the vulnerability of forests to wind throw (Fig. 3A). The 
forest vulnerability map to desiccation was reclassified so that the 
forests most vulnerable to desiccation were attributed the highest 
value (AppendixTable 4a). The DTM was reclassified as follows: the 
higher the altitude, the higher the score because forests situated on 
ridges are more prone to wind throw (Appendix Table 4b). 

To determine the vulnerability to soil erosion and flooding, the 
potential soil erosion map and the flood maps of the Dender were 
consulted. The flood maps are available for three potential climate 
scenarios (severe, moderate and limited), based on hydrodynamic 
models of the Flanders Hydraulics Research. To produce the vul¬ 
nerability map, we used the severe scenario flood map to visualize 
the potential worst case scenario. The values of both maps were 
stretched between 0 and 400 to assure compatibility with the other 
vulnerability layers. 

Finally, the four vulnerability layers (desiccation, wind throw, 
soil erosion and flooding) were jointly presented in a synthesis 
vulnerability map. 

CIS compilation of adaptation maps 

The potential effects of climate change are shown on the 
vulnerability maps. In response to these threats, we produced 
corresponding adaptation maps, subdivided in four groups of 
measures: forest management, water management, agricultural 
management and recreational management. Each group consists 
of different measures which are visualized in the adaptation map. 
From all possible adaptation measures reported in earlier research, 
those offering a long term and sustainable solution without sig¬ 
nificantly affecting the landscape quality and/or those which fit 
into the original traditional landscape were chosen. Pests can, for 
example, be controlled by using pesticides or by establishing flow¬ 
ery field edges. However, pesticides are not sustainable for the 
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environment. Moreover, new plot edge vegetation will ‘restore’ the 
traditional landscape and increase its heritage value, as originally 
field edge vegetation used to be widespread in the case studies. 
Therefore, we chose the establishment of flowery field edges and 
plot edge vegetation as a solution for controlling pests. 

Forest management 

Two measures concerning forest management were applied: 
active management and conversion of coniferous forest into decid¬ 
uous forest. Active forest management is crucial for the most 
vulnerable forests. Therefore, the top 30% of the forests most sus¬ 
ceptible to desiccation and the forests highly vulnerable to wind 
throw were selected from the vulnerability map (Fig. 3B). On the 
adaptation map, these were subsequently shown as forests, need¬ 
ing active monitoring and management to prevent degradation. 

To visualize the second forest measure, all coniferous forests 
were selected from the land cover map and added to the adaptation 
map as ‘Conversion of conifers to deciduous forests’. 

Water management 

Water management is only relevant in the second study area. To 
reduce the flood risk, two major actions were considered (Fig. 3B): 
the construction of a water retention basin and the widening and/or 
deepening of the ditches, which can store large volumes of water 
during storms. We consulted the Dender Basin Management Plan 
to locate the water retention reservoir. To illustrate the second 
measure, all ditches were extracted from the land cover map and 
represented by arrows on the adaptation map. 

Agricultural management 

The agricultural management consists of three major adapta¬ 
tion measures: the reduction of soil erosion, the management of 
redundant or vulnerable farmland and the control of pests inside 
and outside cropland. 

Bio-energy plantations can be an alternative to farmland that 
has become redundant because of the higher crop yields or agricul¬ 
turally unproductive as a result of soil erosion or frequent flooding. 
In order to determine the fields most suitable for bio-energy plan¬ 
tations, we used a Multi Criteria Evaluation. The following variables 
were considered (Fig. 3B): land cover, soil erosion rate, soil type and 
occurrence of floods. 

First, the land use map indicates where new plantations are 
possible: farmland and abandoned parcels overgrown with shrubs 
are, for example, preferred above residential areas. Therefore, the 
land cover map was reclassified (Appendix Table 5a), giving the 
most suitable land cover categories the highest scores. Second, 
areas vulnerable to soil erosion are more appropriate to reforest 
because tree plantations can reduce soil erosion. Consequently, the 
soil erosion map was reclassified, attributing the highest score to 
the most erosion-prone areas (Appendix Table 5b). Third, the per¬ 
formance of poplars and willows is maximized on wet loam or 
sandy loam soils (Hughes et al„ 2000; Amlin and Rood, 2002). The 
soil map was reclassified accordingly (Appendix Table 5c). Finally, 
areas which are predicted to flood frequently are more suitable for 
bio-energy plantations as in the long term this might be the most 
profitable alternative function for these zones (Veeneldaas, 2008). 
In the reclassification of the flood map, the areas with the largest 
and most frequent floods were given the highest score (Appendix 
Table 5d). 

Next, each variable was attributed a weight, using an Ana¬ 
lytic Hierarchy Process (Saaty, 1980; Appendix Table 6), in which 
the importance of a variable compared to all other variables is 
expressed by a score (2 by 2 comparisons). Scores are given accord¬ 
ing to the scale proposed by Saaty (1980, p. 246). If variable A (e.g. 
land cover) is more important than variable B (e.g. soil erosion rate), 
this relationship is given a score of 3-9, depending on how much 


more important it is. If variable A is less important than variable 
B the score will be 1 /3 to 1 /9. The weights are then calculated by 
normalizing the scores of the matrix by dividing each score by the 
sum of the variable’s column. Finally, the weight of the variable is 
equal to the sum of the normalized values. Variations in the scores 
of the variables will only cause subtle changes in the weights cal¬ 
culated based upon these scores and consequently have a minor 
impact on the results as, although scores can vary between 3 and 
9 or between 1/3 and 1/9, the direction of a relationship can never 
be reversed (e.g. vary between 3 and 1/3). In addition, the nor¬ 
malization of the scores reduces the differences. In our calculations 
(AppendixTable 6), soil erosion and flood risk were considered to be 
the most decisive variables (total weight of 0.64) because these are 
the driving forces for cultivating bio-energy plantations. Land cover 
and soil type have weights of 0.08 and 0.28. The four weighted lay¬ 
ers were added using Spatial Analyst’s Raster Calculator, resulting 
in a suitability map for bio-energy plantations: 

Suitability map for bio-energy plantations = 0.08 * Reclassified 

land cover map + 0.28 * Reclassified soil map + 0.64 * 

Reclassified soil erosion map (and Reclassified flood map) 

The suitability map represents the suitability of a parcel for culti¬ 
vating poplars or willows: a value close to 0 means that the parcel 
is unsuitable; parcels with values close to 400 are very suitable. 

Because reforestation must be well-considered with respect to 
the historical background of the landscape, two additional condi¬ 
tions were considered. First, new poplar or willow plantations must 
preferably be planted on parcels that have been forested before. 
Therefore, the map of de Ferraris, illustrating the landscape at the 
end of the 18th century, was consulted. Second, the plantations 
need to be close to existing forests to assure connectivity and pre¬ 
vent a scattered plantation pattern. From all suitable parcels only 
those indicated as forest on the historical map or adjacent to exist¬ 
ing forests were considered for bio-energy plantations and were 
added to the adaptation map. 

Besides reforestation, soil erosion can also be controlled by 
applying conservation tillage or by establishing buffering strips of 
grassland on cropland, both measures allowing continuing crop 
cultivation. A distinction was made between priority and secondary 
reduction of soil erosion, based on the potential soil erosion map 
(Fig. 3B). The priority group consists of parcels characterized by 
a high or very high potential erosion rate. Parcels indicated as 
potentially susceptible to medium soil erosion belong to the second 
group. 

Finally, the agricultural management includes the control of 
pests inside and outside croplands. On cropland, this can be 
achieved by establishing flowery field edges, stimulating the pres¬ 
ence of the pest’s natural enemies. As this is a widespread threat, 
all cropland fields were extracted from the land use map. Out¬ 
side cropland, the preservation and reconstruction of plot edge 
vegetation contributes to the control of pests. To illustrate this mea¬ 
sure on the adaptation map, all existing small landscape elements 
(tree lines, hedgerows etc.) were mapped using orthogonal pho¬ 
tographs, dating from 2002 to 2003. For the reconstruction of plot 
edge vegetation these photographs were compared to aerial pho¬ 
tographs from 1951. All tree lines and hedgerows, that disappeared 
between 1951 and 2003, were mapped and saved in a new layer 
(Fig. 3B). 

Recreational management 

Adaptation measures concerning recreational management 
only apply to the second case, which contains the recreational 
park of ‘De Gavers’ situated in a highly flood-prone area. On the 
adaptation map the entire park is shown, representing the general 
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Table 2 

Calculation of the areas related to different adaptation measures. 
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Surface in case study Asse 

Surface in case 
study Dender 
valley 

Proportion in the total 
surface of the case 
study 

Asse Dender 

Forests 

1.39 km 2 

1.17 km 2 

15.8% 

9.1% 

Most vulnerable forests to be managed actively 

0.68 km 2 

0.86 km 2 

7.7% 

6.7% 

Proportion of all forests to be managed 

48.9% 

73.5% 



Cropland 

2.27 km 2 

2.04 km 2 

25.8% 

16% 

Cropland highly or moderately vulnerable to soil erosion 

1.41km 2 (62.1%) 

0.841<m 2 (41.2%) 

0.16% 

0.07% 

Priority control of soil erosion 

1.11km 2 

0.56 km 2 

12.6% 

4.4% 

Proportion of all affected cropland to be controlled in priority 

78.7% 

66.7% 



Secondary control of soil erosion 

0.30 km 2 

0.28 km 2 

3.4% 

2.2% 

Proportion of all affected cropland to be controlled secondary 

21.3% 

33.3% 



Bio-energy plantations 

0.08 km 2 

0.15 km 2 

0.9% 

1.2% 


adaptation measures necessary to preserve the recreational func¬ 
tion of the area. Examples are the need for a rigorous control of the 
water quality in pools and lakes and the closing of the park when 
the risk of forest fire is too high (Fig. 3B). 

Results 

The case study Asse 
Vulnerability 

The vulnerability map (Fig. 4A) shows that forests, situated on 
wet valley soils or close to springs, are most vulnerable to des¬ 
iccation. This is consistent with the results of earlier research by 
Bresser et al. (2005, p. 65), who concluded that forests on wet soils 
have difficulty in recovering from desiccation because these tree 
species require a high water quality. Furthermore, the map indi¬ 
cates that most forests are moderately to highly susceptible to wind 
throw, which is caused by the open, hilly terrain that freely exposes 
trees to wind. The vulnerability map also clarifies that soil erosion is 
widespread in the area; 62% of the croplands, mostly located north 
of the small stream, are moderately to highly affected (Table 2). 
Three factors contribute to this problem. First, the topography is 
characterized by steep slopes, with differences in altitude of more 
than 60 m. Second, the majority of the soils are loamy, which are 
most vulnerable to erosion (De Groof et al., 2006). Finally, most of 
the land is used as cropland, which significantly increases the risk 
of soil erosion. 

Adaptation 

A comparison between the vulnerability and adaptation map 
(Fig. 4B) indicates that almost half of the forests, mainly situated in 
the valleys, require an active management to prevent degeneration 
due to climate change. Four conifer plantations are recommended 
to be replaced by deciduous trees to reduce the fire risk. As conifers 
are not indigenous in the area, removing them may partly restore 
the landscape’s original character. 

As intensive agriculture is important in the area, measures taken 
on cropland are widespread. As 79% of the affected croplands 
belong to the priority group (Table 2 ), conservation tillage or buffer¬ 
ing grassland strips are recommended. Second, all croplands can be 
protected against new pests by creating flowery field edges (Vos 
and Kuiters, 2007). Similarly, measures can be taken outside crop¬ 
land, by preserving or extending tree lines and hedgerows. Finally, 
the minimum area needed for bio-energy plantations is estimated 
at approximately 5 ha, based on the Flemish reforestation guide¬ 
lines. The most suitable parcels towards this goal are situated in 
the east and north of the area. 


The case study Deader valley 
Vulnerability 

In the Dender valley, only few natural deciduous forests occur, of 
which most are vulnerable to desiccation, especially those located 
on wet soils (Fig. 5A). The drought resistant poplar plantations, 
dominating the valley, are less endangered. Furthermore, the for¬ 
est in the south (Geitebos) is most vulnerable to wind throw. In the 
valley, forests are more protected against high wind speeds and are 
consequently less susceptible to wind throw. 

In contrast to the first case, soil erosion is a less pronounced 
problem in the Dender case study, as it only occurs outside the 
valley and to a smaller extent. However, the issue is not negli¬ 
gible given that of all croplands, 41% is estimated to experience 
significant soil erosion (Table 2). 

Finally, the vulnerability map indicates that in the severe climate 
scenario almost the entire valley risks severe flooding. The most 
vulnerable area is located in the recreational park ‘De Gavers’. 

Adaptation 

Fig. 5B represents the adaptation map, based on the severe cli¬ 
mate scenario and thus consistent with the vulnerability map. The 
map indicates that most of the forests (nearly 75%; Table 2) need an 
active management. In contrast, only one conifer plantation needs 
to be replaced by deciduous trees. 

67% of the croplands affected by soil erosion belong to the 
priority group (Table 2), of which all are located outside the val¬ 
ley. A more widespread measure is the preservation of plot edge 
vegetation to control pests because of the numerous tree lines 
and hedgerows. Analogously, measures concerning grasslands are 
important as this is the most widespread land cover in the area. 
Based on the guidelines for reforestation, approximately 15 ha 
might be used for bio-energy plantations, mostly situated in the 
valley. 

In contrast to the first case, adaptation measures concerning 
water management are necessary. A water retention reservoir 
needs to be constructed on the Molenbeek to safeguard the centre of 
Zandbergen and the area downstream from flooding. The deepen¬ 
ing and/or broadening of ditches may increase the water retention 
capacity, reducing the flood risk. As at present nearly all parcels are 
surrounded by ditches and tree lines, this is a widespread adapta¬ 
tion measure. 

Finally, it is recommended to adapt the management of the 
recreational park, including the expansion to meet the growing 
number of visitors. This is only possible on the northern side of 
the park, by building a pedestrian bridge over the Dender, which 
would include the river into the park instead of being a border. Fur¬ 
thermore, in summer, when temperatures are highest, the water 
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Establishment of flowery field edges 
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-Reconstruction of small landscape elements 


Forest management 

| Active management of forests 
■ Conversion of conifers to deciduous 
forest 


Fig. 4. (A) Vulnerability map and (B) Adaptation map of the anchor place Asse. 


quality of the lakes requires a more frequent and stricter control to 
protect swimmers against diseases caused by toxic algae. Finally, 
dikes need to protect the area against floods. 

Impact on landscape and its heritage values 

The vulnerability maps (Figs. 4 and 5, section A) illustrate that 
a deterioration of forests, grasslands and croplands caused by cli¬ 
mate change might affect a landscape as a whole. In particular 
in our case studies, increased soil erosion, drought and a loss of 


biodiversity may damage the natural-scientific value of the land¬ 
scape, while a removal of the traditional plot edge vegetation can 
decrease its historical value. Furthermore, the aesthetic value of 
the landscape is threatened as well. In summary, we can thus not 
exclude that climate change may have an impact on the landscape 
quality (Callaghan et al., 2004; McEvoy et al., 2008), in particu¬ 
lar in vulnerable, high quality heritage landscapes (Cassar, 2005). 
As a consequence, a potential loss of the heritage values of such 
landscapes must be taken into account. Moreover, due to climate 
change, relic landscapes may become less coherent as the relations 
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Fig. 5. (A) Vulnerability map and (B) Adaptation map of the anchor place Dender valley. 


between the composing elements of the landscape are weakened. 
In addition, the different parts of the landscape may become less 
recognizable and less understandable, which may decrease its leg¬ 
ibility. Finally, the landscape’s soundness (sensu Antrop, 2003) 
might be affected as well because it might look uncared-for. In 
the worst case scenario, a loss of heritage values can cause the 


formerly most valuable landscapes to be downgraded or even to 
lose their status of cultural heritage, which implies suspension of 
special care and attention. This can especially become reality if, fol¬ 
lowing the example of the UK (Cassar, 2005) and the Netherlands 
(De Boer, 2009), the Flemish Agency for Immovable Heritage starts 
monitoring the quality of the cultural heritage in Belgium on a 
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regular base, including heritage landscapes. Adaptation measures 
can counter this scenario, although this implies change as well. The 
adaptation maps (Figs. 4 and 5, Section B) suggest that bio-energy 
plantations might emerge on the grasslands which, in the climate 
change scenario, would be overgrown with shrubs. Furthermore, 
the deciduous forests can revive as a result of the introduction of 
new, more resistant tree species, green deciduous trees may replace 
the dead conifers and flowery field edges can safeguard the crops 
on the fields from pests and soil erosion. Although adaptation to 
climate change will alter the landscape, the overall impact will not 
be destructive with respect to the coherence, legibility and sound¬ 
ness (sensu Antrop, 2003) of the landscape, which is essential to 
preserve the landscape’s heritage values. 


Discussion 

One could wonder if climate change should be considered as a 
serious problem for landscapes and if efforts should be made to 
preserve them. Several factors may contribute to this doubt. Cli¬ 
mate change studies are often based on assumptions or potential 
scenarios and are therefore characterized by uncertainty (Metzger 
et al„ 2008), both in time and in magnitude. This may contribute 
to a ‘wait-and-see attitude’. In addition, a number of changes like 
increasing drought and erosion only proceed very slowly, making 
them hardly noticeable (Meyer et al., 2010). Consequently, the need 
for adaptation is not always clear. However, many studies confirm 
that climate change will have an effect on soils (Lavee et ah, 1998; 
Nearing et ah, 2004), water availability (Manabe et ah, 2004; Frei 
et ah, 2006; Otero et ah, 2011 ), river systems (Arora and Boer, 2001; 
Huntjens et ah, 2010), agriculture (Rounsevell and Reay, 2009; Bindi 
and Olesen, 2011; Lorencova et ah, 2013) fauna and flora (Burns 
et ah, 2003; Berry et ah, 2006) and on ecosystems in general (Harris 
et ah, 2006; Lemieux et ah, 2011). These findings provide strong 
indications that the landscape as a whole may also be affected by cli¬ 
mate change as it integrates all these single aspects into one entity 
(Thompson etah, 1998; Callaghan et ah, 2004; McEvoy et ah, 2008). 

So far, traditional heritage landscapes have often been forgotten, 
when it comes to preserving the ‘cultural heritage’ against cli¬ 
mate change. ‘Cultural heritage’ is too often reduced to monuments 
(buildings, bridges, statues etc.), like in the “Atlas of climate change 
impact on European cultural heritage: scientific analysis and man¬ 
agement strategies” (Sabbioni et ah, 2010). Traditional landscape 
relics and landscapes in general are rarely included in climate 
change vulnerability assessments and thus in policy making, while 
they are for sure part of the cultural heritage. Awareness should be 
raised among policy makers about including the landscape aspect 
when assessing climate change vulnerability and adaptation. If con¬ 
siderable and expensive efforts are currently made to -investigate 
how to- protect (architectural) monuments against climate change 
(e.g. protection against floods, acid rain etc.) throughout Europe 
(Council of Europe, 1985; Pickard, 2002; Tsakalof et ah, 2007; de 
Ferri et ah, 2011 ), it would make sense to preserve our traditional 
landscape relics as well. 

The results of our study suggest that for preserving the her¬ 
itage landscapes, it is useful to elaborate and map vulnerability and 
adaptation assessments. Although adaptation to climate change 
requires coordination over multiple levels of governance (Jager and 
Moll, 2011; Bennett et ah, 2012), the local level is most appropri¬ 
ate to create these assessments (him et ah, 2004) as it is on this 
level that the consequences of climate change will be felt (Adger, 
2001 ) and adaptation measures may need to be implemented (Huq 
et ah, 2006; Satterthwaite et ah, 2007). However, although the need 
is urgent, taking immediate and drastic adaptation actions in her¬ 
itage landscapes may not be opportune. Because of the uncertainty, 
it is difficult to predict which effects will actually occur and how 


strong their impact will be (Metzger et ah, 2008; Rannow et ah, 

2010). Currently, most heritage landscapes in Flanders do not show 
clear signs of degradation caused by climate change. Taking dras¬ 
tic adaptation measures now could therefore do more harm than 
good with respect to the landscape quality. Nevertheless, a number 
of small and quick measures like establishing flowery field edges 
to control pests (Vos and Kuiters, 2007) and applying conservation 
tillage to improve the soil structure and stability (Holland, 2004) 
can already be executed. In the longer term, if climate change per¬ 
sists, more fundamental adaptation actions may be required, like 
for instance switching over to bio-energy plantations (Rounsevell 
and Reay, 2009). In any case, climate change cannot be ignored and 
adaptation will be required, radical or subtle (King, 2004). Detailed 
vulnerability assessments and appropriate and well-founded adap¬ 
tation plans will therefore be indispensable to policy makers (him 
etah, 2004). 

In Flanders, the first step to realize this is to include adapta¬ 
tion plans into the landscape management plans of the heritage 
landscapes. This assures action as these plans are binding upon pol¬ 
icy makers. If these adaptation plans are not drawn up, adaptation 
might become very difficult, slow and inefficient. In addition, out¬ 
lining a univocal adaptation strategy based on scientific research 
with clear guidelines for all heritage landscapes provides a solid 
framework for policy makers and land owners. This also restricts 
the possibility that land owners start taking adaptation measures 
at their own initiative, which might result in a wide variety of inef¬ 
ficient and unverifiable actions not geared to one another or in no 
adaptation at all. The impact on the landscape would in this case 
be highly unpredictable, uncontrollable and heterogeneous, which 
would probably undermine the landscape quality. 

In Belgium, however, more research on the specific local effects 
of climate change is required to be able to elaborate such a frame¬ 
work. So far, research related to climate change has mainly focused 
on mitigation (den Ouden and Vanderstraeten, 2004), but a clear 
understanding of the specific effects of climate change in Belgium is 
needed to effectively adapt to it. An integrated assessment is there¬ 
fore indispensable, including a shift from mitigation to adaptation 
based, interdisciplinary and multi-scale research. For Flanders, this 
approach is necessary to create more reliable local vulnerability 
and adaptation maps, which should first be elaborated for the her¬ 
itage landscapes as according to Cassar (2005), such landscapes 
are a valuable and vulnerable part of the common cultural her¬ 
itage. In the longer term, the methodology can be extended to the 
whole Flemish region, because heritage landscapes cannot be con¬ 
sidered as isolated islands. Mismanagement of adjacent areas could 
have consequences for these landscapes. Although the methodol¬ 
ogy used in this study can be applied to other landscapes/areas, the 
results might vary depending on the landscape type concerned and 
the local effects of climate change. 

In order to make this system work, considerable efforts are 
needed to integrate adaptation plans into the spatial planning 
system in general (Meyer et al., 2010). In Flanders, however, 
this has not yet been achieved because of the difficulties of 
translating uncertain scientific climate projections into adapta¬ 
tion plans, which hampers the communication between climate 
modellers/impact assessors and spatial planners/landscape experts 
(Rannow et al., 2010). In addition, the political situation in Belgium 
contributes to the absence of climate change adaptation plans 
in spatial planning. Since the state reform in the 1970s, spatial 
planning, landscape protection and management, nature and envi¬ 
ronment have become the authority of the regions, while climate 
has remained a federal policy. This does not facilitate policymak¬ 
ing as decisions are taken on different levels, which are not always 
geared to one another. This divergence leads to unexpected situa¬ 
tions, like illustrated by the floods of 2010 (Fig. 2). As the Dender 
is separately managed by the Walloon and Flemish regions, only 
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the Walloon part was dredged in spring 2010. In November 2010, 
this resulted in major floods in large areas downstream in Flanders, 
while no floods occurred in Wallonia. 

Since recently, efforts have been made to address climate change 
issues in Belgium. The first initiative has been taken with the 
formulation of a national climate policy by the National Climate 
Commission in 2009, though still mainly focussing on mitiga¬ 
tion. The Belgian National Climate Change Adaptation Strategy 
has been published (National Climate Commission, 2010), sum¬ 
marizing the potential threats posed by climate change per sector 
in Belgium. Moreover, it highlights the need for adaptation and 
focuses on concrete actions. However, the last step, the formu¬ 
lation of a comprehensive national adaptation plan has not yet 
been taken. Meanwhile, the Flemish and Walloon regions have 
started to establish a Regional Adaptation Plan (National Climate 
Commission, 2010). Furthermore, a number of research projects, 
dealing with adaptation to climate change, are currently running or 
have recently been finished (e.g. ‘Science for Sustainable Develop¬ 
ment’, the Circle-2 ERA-net (Belgian Federal Science Policy Office), 
the AGORA Programme (Belgian Federal Science Policy Office and 
Public Health Department), the interdisciplinary research project 
CcASPAR (Flemish Agency for Innovation by Science and Technol¬ 
ogy) (Allaert et al., 2012), and the Interreg Projects SCALDW1N, TIDE 
and AMICE (National Climate Commission, 2010)). 


Conclusions 

In Flanders, the Landscape Atlas lists the traditional landscape 
relics, which can be considered as a valuable part of the cultural 
heritage, based on their natural-scientific, historical, socio-cultural 
and aesthetic values. More specifically, these relics are labelled as 
‘heritage landscapes’, which are assigned a binding landscape man¬ 
agement plan to assure the maintenance of their heritage values. 
However, these plans do not contain climate change vulnerabil¬ 
ity assessments nor adaptation plans, while climate change is an 
important driving force of landscape change. In heritage land¬ 
scapes, this change may affect the intact traditional character of 
these landscapes, which may cause a part of our common cultural 
heritage to deteriorate or even get lost. To moderate this tendency, 
the potential impacts of climate change and adaptation measures 
could be assessed and mapped on a detailed level. In this study, we 
elaborated this idea for two relic landscapes in the Dender basin in 
Flanders and created vulnerability and adaptation maps in a GIS. 
The vulnerability maps indicate a considerable susceptibility to cli¬ 
mate change in both cases. In the case study of Asse, situated outside 
the Dender valley, a large part of the deciduous forest is prone to 
desiccation and wind throw. Soil erosion seems to be an important 
threat as well. In the case study located in the Dender valley, almost 
the entire area is threatened by severe flooding. Furthermore, forest 
desiccation, wind throw and soil erosion are less pronounced than 
in the first case study, although these issues cannot be neglected 
either. These effects might deteriorate the landscape quality in both 
case studies, threatening the valuable heritage values of these land¬ 
scapes. In particular, the natural-scientific, historical and aesthetic 
values might be at risk as a consequence of a decline in legibility, 
soundness and coherence (sensu Antrop, 2003) of these landscape 
relics. As these effects are probable in all Flemish heritage land¬ 
scapes, climate change should be considered as a real threat to this 
part of the common cultural heritage. While immediately taking 
drastic adaptation measures could be precipitous and unnecessary, 
we at least recommend to assess the vulnerability of relic land¬ 
scapes to climate change and to start elaborating adaptation plans 
and maps on a detailed level to preserve this part of the cultural 
heritage. To be binding, these maps can be implemented in the 
landscape management plans of each heritage landscape. Although 


we only examined relic landscapes, in the longer term it might be 
advantageous to apply the proposed approach to the whole Flem¬ 
ish region. To be effective, climate change adaptation measures 
will need to be included into spatial planning instruments in gen¬ 
eral, while the landscape aspect should be more addressed when 
assessing climate change vulnerability and adaptation. 


Appendix. 

Reclassification and weighting of the thematic layers for the 
compilation of the vulnerability and adaptation maps. 

See Tables 3-6. 


Table 3 

Reclassification of the ecosystem vulnerability map (a) and soil map (b) for the 
compilation of the vulnerability map of forests to desiccation. 



Original 

value/description 

New value 

Vulnerability to desiccation 

(a) 

1 

0 

No information available 


2 

57 

Not vulnerable to desiccation 


3 

114 

Almost not vulnerable to 
desiccation 


4 

171 

Little vulnerable to desiccation 


5 

229 

Moderately vulnerable to 
desiccation 


6 

286 

Vulnerable to desiccation 


7 

343 

Very vulnerable to desiccation 


8 

400 

Highly vulnerable to 
desiccation 

(b) 

Peat/artificial 

0 

Not vulnerable to desiccation 


Sand/loamy 
sand (on 
ridges) 

200 

Moderately vulnerable to 
desiccation 


Clay/loam/sandy 
loam (on 
ridges) 

400 

Highly vulnerable to 
desiccation 


Table 4 

Reclassification of the vulnerability map of forests to desiccation (a) and the Digital 
Terrain Model (b) for the compilation of the vulnerability map of forests to wind 
throw. 


Original value/description New value Vulnerability to 

desiccation 


0-100 

0 

Almost not 
vulnerable to wind 
throw 

100-200 

133 

Moderately 
vulnerable to wind 
throw 

200-300 

267 

Vulnerable to wind 
throw 

300-400 

400 

Highly vulnerable 
to wind throw 

<20 m 

0 

Not vulnerable to 
wind throw 

20-30 m 

67 

Almost not 
vulnerable to wind 
throw 

30-40m 

133 

Little vulnerable to 
wind throw 

40-50m 

200 

Moderately 
vulnerable to wind 
throw 

50-60m 

267 

Vulnerable to wind 
throw 

60-70 m 

333 

Very vulnerable to 
wind throw 

>70 m 

400 

Highly vulnerable 
to wind throw 








190 


L. Dupont, V. Van Eetvelde / Land Use Policy 35 (2013) 179-191 


Table 5 

Reclassification of the land cover map (a), soil erosion map (b), soil map (c) and flood 
map (d) for the determination of the suitability of parcels for bio-energy plantations. 



Original 

value/description 

New value 

Suitability for bio-energy 
plantations 

(a) 

Built areas 

Surface water 
Infrastructure 

0 

Not suitable for bio-energy 
plantations 


Forests 

100 

Little suitable for bio-energy 
plantations 


Cropland 

200 

Moderately suitable for bio-energy 
plantations 


Brushwood 

300 

Suitable for bio-energy plantations 


Grassland 

400 

Highly suitable for bio-energy 
plantations 

(b) 

No erosion 

0 

Not suitable for bio-energy 
plantations 


Negligible 
erosion rate 

67 

Almost not suitable for bio-energy 
plantations 


Very low 
erosion rate 

133 

Little suitable for bio-energy 
plantations 


Low erosion 

rate 

200 

Moderately suitable for bio-energy 
plantations 


Moderate 
erosion rate 

266 

Suitable for bio-energy plantations 


High erosion 
rate 

333 

Very suitable for bio-energy 
plantations 


Very high 
erosion rate 

400 

Highly suitable for bio-energy 
plantations 

(c) 

Heavy clay 

Peat 

Artificial 

terrain 

0 

Not suitable for bio-energy 
plantations 


Dry loamy sand 
Stony loam 

57 

Almost not suitable for bio-energy 
plantations 


Dry clay 

114 

Little suitable for bio-energy 
plantations 


Dry sandy loam 

171 

Moderately suitable for bio-energy 
plantations 


Dry loam 

229 

Suitable for bio-energy plantations 


Wet clay 

286 

Very suitable for bio-energy 
plantations 


Wet sandy 
loam 

343 

Highly suitable for bio-energy 
plantations 


Wet loam 

400 

Most suitable for bio-energy 
plantations 

(d) 

10-50 cm 

0 

Not suitable for bio-energy 
plantations 


51-100 cm 

67 

Almost not suitable for bio-energy 
plantations 


101-150 cm 

133 

Little suitable for bio-energy 
plantations 


151-200 cm 

200 

Moderately suitable for bio-energy 
plantations 


201-250 cm 

266 

Suitable for bio-energy plantations 


251-300 cm 

333 

Very suitable for bio-energy 
plantations 


>300 cm 

400 

Highly suitable for bio-energy 
plantations 


Table 6 

Calculation of the weights on the basis of Saaty’s matrix for the determination of 
suitable areas for bio-energy plantations. 


Land cover 


Soil type 

Soil erosion/floods 

Land cover 

1 


1/5 


1/7 


Soil type 

5 


1 


1/3 


Soil erosion/floods 

7 


3 


1 


Sum 

13 


21/5 


31/21 



Land cover 

Soil type 

Soil 


Weight 





erosion/floods 


Land cover 

0.08 

0.05 


0.10 


0.08 

Soil type 

0.38 

0.24 


0.23 


0.28 

Soil erosion/floods 

0.54 

0.71 


0.68 


0.64 
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